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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions r groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 
fees must be paid. 

Group I, claim(s)l-9, drawn to a mutant Campylobacter fetus strain and a DNA cassette encoding a heterologous 
protein, wherein the C. fetus strain is a sapA homolog. 

Group II, claim(s) 10-13, drawn to Campylobacter fetus mutant strains wherein a recA mutation is present together with 
a heterologous antigen or a sap A gene mutation. 

Group III, claim(s) 14-17, drawn to any strain of bacteria which has been modified to express SapCDEF genes. 
The inventions listed as Groups I, II and III do not relate to a single inventive concept under PCT Rule 13.1 because, 
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: Each 
group contains mutant strains which evidence specific structural differences in the genes that are altered or added to the 
mutant strain. Therefore, each group represents mutant strains which have differing special technical features which 
have differing structures, functions and effects on the over all end product. 
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using sa/?A-specific 3' region forward (sap A) and km reverse (km 
) primers (left 4 lanes), sa/?Al-specific 3' region forward (sap Al) 
and km primers (middle 4 lanes), or sapA and sapAl-specific 3' 
region reverse (sap Al) primers (right 4 lanes). Figure 2D shows 
5 the cumulative restriction maps of the 4 strains presented in 
Figure 2A-2C. The location of the probes as indicated from the 
hybridications is shown under the map for each strain. sap A x 
represents an uncharacterized S-layer protein gene cassette; 
arrows represent direction of transcription; solid lines represent 
1 0 expressed genes, dashed lines represent silent genes; P over bent 
arrow represents the sap A promoter; the heavy line represents 
the 6.2 kb invertible promoter-containing element, flanked by 
opposing S-layer protein gene cassettes. The asterisks represent 
the palindromic putative recombinase recognition sites 

1 5 (TTAAGGAaTCCTTAA) present in the 5' conserved region of each 

S-layer protein gene cassette (7), and restriction sites are 
indicated: H, Hindi: N, Ndel; P, Pstl. 

Figure 3 shows the proposed model of molecular 
events involved in S-layer protein gene cassette rearrangement 

2 0 by DNA inversion. DNA inversion between two oppositely 

oriented cassettes follows DNA strand exchange at the putative 
recombinase target site (asterisk) found upstream of each S-layer 
protein gene cassette within the 5' conserved region (small grey 
box) (8). Patterned boxes represent variable regions of S-layer 

2 5 proteins gene cassettes. A 6.2kb intervening segment is 

topologically reversed leading to ordered rearrangement of the S- 
layer protein gene cassettes. Inversion of DNA segments 
containing the promoter ( ! P f over bent arrow) permits expression 
of alternate S-layer protein gene cassettes (mRNA, arrow). 

3 0 Illustrated are inversion of the 6.2 kb promoter-containing 

element alone (left), the 6.2 kb element and one (middle) or two 
(right) S-layer protein gene cassette ORFs and the resultant 
genotypes. Each of these genotypes has been observed (Figure 
2D). 

3 5 Figure 4 shows a schematic representation of the 

sapA invertible region, showing the sapCDEF genes, the locations of 
the divergent sapA and putative sapCDEF promoters (bent 
arrows), and the clones (pIR15, pIR13, pIR12, and pIR20) from 
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WHAT IS CLAIMED IS: 

1 . A mutant C. fetus strain useful for vaccinating an 
animal to Campylobacter fetus, wherein said strain is mutated to 

5 contain a DNA cassette encoding a heterologous protein. 

2. The mutant C. fetus strain of claim 1, wherein a sapA 
homolog is altered. 

10 3. The mutant C. fetus strain of claim 1, wherein said 

heterologous protein is a S-layer protein. 



encoded S-layer protein represents a chimera between the native 

1 5 S-layer protein and the peptide encoded by the cassette. 

5. The mutant C. fetus strain of claim 1, wherein said 
cassette is selected from the group consisting of Salmonella, 
Shigella, Campylobacter jejuni, E. coli 0157:H7, human 

2 0 immunodeficiency virus (HIV), simian immunodeficiency virus 

(SIV) and animal pathogens. 

6. The mutant C. fetus strain of claim 1, wherein said 
cassette contains a 5' binding region and 3' secretion signal region 

2 5 and wherein said protein is inserted between said binding region 
and said signal region. 

7. The mutant C. fetus strain of claim 1, wherein said 
cassette contains a 3' secretion signal but has no binding region. 



8. The mutant C fetus strain of claim 1, wherein said 
protein is selected from the group consisting of an antigen and a 
therapeutic agent. 

9. A method of immunizing a host to develop mucosal 
and systemic immune responses to an immunogen, comprising the 
step of administering to said host a pharmacologically effective 
dose of the strain of claim 1. 



4. 



The mutant C. fetus strain of claim 1, wherein the 
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